Introduction {#sec1-1}
============

Growing interest in association between periodontal disease and systemic inflammation has led to convergence in oral and medical care. It has been widely accepted that periodontal infections are leading culprits for cardiovascular disease (CVD). This association could partly be explained by C-reactive protein (CRP), which is a systemic marker of inflammation. It is receiving the most attention as it best describes the inflammatory status of an individual due of its kinetics.\[[@ref1]\] CRP is an acute-phase reactant produced by the liver,\[[@ref2]\] which is nonspecific and produced in response to various stimuli. CRP possesses the ability to reveal inflammation at an early stage as it rises in serum within 48 h.\[[@ref3]\] Its long plasma half-life of 12-18 h is constant under most of the conditions and hence that the sole determinant of circulating CRP is the synthesis rate, which directly reflects the intensity of the pathological process stimulating CRP production.\[[@ref4]\] This property is useful for early detection of patients who are at risk for inflammatory disease. Moreover, it can upregulate proinflammatory mediator production.\[[@ref5]\] According to the Centers for Disease Control and Prevention/American Heart Association, CRP levels \>3 mg/L indicates a higher risk for CVDs, whereas CRP levels of 1-3 mg/L suggests medium risk, and CRP levels \<1 mg/L suggests lower risk.\[[@ref6]\] A number of studies have demonstrated an association between periodontal disease and the risk of CVD.\[[@ref7][@ref8]\] CRP possess the ability to predict future cardiovascular events in apparently healthy individuals. But, it is not clear whether this association is casual or definite as both the diseases share so many risk factors.

There is strong evidence that CRP is increased in otherwise healthy adults with poor periodontal status.\[[@ref9]\] However, the disparity among them occurs in terms of methods used, criteria of patient selection, confounding of risk factors and moreover some authors denied this association.\[[@ref10]\]

Most studies to date have included patients with chronic periodontitis without correlating serum CRP levels with severity of inflammation, and also limited information is available whether systemic inflammation differs in different types of periodontitis as there is scarcity of literature regarding CRP levels in subjects with aggressive periodontitis.\[[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] Since both forms of periodontitis show disparity in the rate of progression, the effect of chronic and aggressive periodontitis on CRP levels seems to be an appealing area of research. Thus, the present study was undertaken to determine the relative levels of serum CRP and compare them in aggressive and chronic periodontitis patients and correlating the serum CRP levels with severity of disease.

Materials and Methods {#sec1-2}
=====================

Following complete medical and dental examination, 75 individuals were selected for the study from Department of Periodontics, Dr. Ziauddin Ahmad Dental College, Aligarh. The study was approved by Internal Review Board. A total of seventy-five systemically healthy subjects were divided into three groups: Group I, nonperiodontitis subjects; group II, chronic generalized periodontitis (CGP) patients and group III, generalized aggressive periodontitis (GAP) patients. Informed consent was obtained from each individual.

Inclusion criteria {#sec2-1}
------------------

Subjects were placed into three groups according to the following definitions:

Group I: Nonperiodontitis (NP) group - clinically healthy periodontal status with probing depth (PD) ≤2 mm along with no evidence of attachment lossGroup II: CGP patients - probing depth (PD) of ≥5 mm and/or clinical attachment loss (CAL) \>30% sites with varying degree of disease severity. Local factors concomitant with the amount of destruction and with moderate rate of progressionGroup III: GAP - patients under age of 30 years having probing depth (PD) of ≥5 mm and/or CAL on 8 or more teeth, at least three of which were not first molars and incisors with varying degree of disease severity. Deposits being inconsistent with disease severity.

Exclusion criteria {#sec2-2}
------------------

Current smokers; pregnant and lactating women; individuals with acute or chronic medical disorders; patient under any medication for the past 3 months; patient undergone any dental treatment for the past 6 months were excluded from the study.

Periodontal assessment {#sec2-3}
----------------------

Periodontal disease status was evaluated at 4 sites per tooth (mesiobuccal, buccal, distobuccal, lingual/palatal) by measuring the probing depth (PD), CAL, gingival index by Loe and Silness), plaque index (Silness and Loe) using the same periodontal probe (UNC-15 probes Hu-Friedy\'s, USA) and by same examiner to avoid bias. The probing depth was measured as the distance from the gingival margin to the base of the pocket in millimeters. The clinical attachment levels were calculated from the recession and probing depth measures and represented as the distance in millimeters from the cementoenamel junction to the base of the pocket.

Sample collection {#sec2-4}
-----------------

Venous blood was withdrawn from the participants selected for the study. The subjects were informed, and consent was taken. They were made to tighten a fist so that vein was more palpable, and antecubital vein was selected for venipuncture. A tourniquet was applied about 1-2 inches above the antecubital fossa. After cleansing the puncture site with 10% isopropanol solution, blood was withdrawn using a syringe with 24 gauge needle. Tourniquet was released as the blood flow began. After drawing 3 mL of blood, sterile cotton ball was placed on the puncture site and needle was withdrawn. The subjects were instructed to apply mild finger pressure on the site for few minutes to avoid oozing out of blood.

C-reactive protein determination {#sec2-5}
--------------------------------

Samples were centrifuged in the centrifuge machine at 3000 rpm for 10 min to separate the serum from blood. Separated serum was collected in eppendrof and stored in the deep freeze at - 20°. Quantitative determination of CRP in patient\'s serum was done by double antibody sandwich enzyme-linked immunosorbent assay (ELISA) method (ICLA, USA).

Principle of the assay {#sec2-6}
----------------------

Quantitative determination of CRP in patient\'s serum was done by double antibody sandwich ELISA method. In this assay, the CRP present in sample reacts with anti-CRP antibodies, which had been adsorbed to the surface of polystyrene microtiter wells. After the removal of unbound sample proteins by washing, anti-CRP antibodies conjugated with horseradish peroxidise were added. These enzyme- labeled antibodies form complexes with the previously bound sample CRP. Following another washing step, the enzyme bound to the immunosorbent is assayed by the addition of a chromogenic substrate, 3, 3', 5, 5'-tetramethylbenzidine. The quantity of bound enzyme varies directly with a concentration of CRP in the test sample.

The quantity of CRP in test sample can be interpolated from the standard curve constructed from standard and corrected for serum dilution.

Statistical analysis {#sec2-7}
--------------------

Data were presented as mean, standard deviation and 95% confidence interval of the mean difference. Comparison of three groups (CGP, GAP, and NP) with respect to CRP values was done using one-way analysis of variance (ANOVA). Correlation between variables was found by using Pearson\'s correlation coefficient "*r*", and all levels of significance were set at *P* \< 0.05.

Results {#sec1-3}
=======

The demographic characteristics of the three groups were summarized in [Table 1](#T1){ref-type="table"}. Clinical parameters and mean CRP levels were summarized in [Table 2](#T2){ref-type="table"}. The mean CRP (mg/L) levels for the GAP, CGP and NP groups were 4.61 ± 0.58, 2.31 ± 0.56 and 0.96 ± 0.13, respectively. CRP values of the three patient groups were significantly different from each other, with CRP levels in the group III greater than those in the group II, which were in turn greater than those in the group I subjects. Furthermore, comparison of three groups (CGP, GAP, and NP) with respect to CRP values by one-way ANOVA showed statistical significance (*P* \< 0.0001), as shown in [Table 3a](#T3){ref-type="table"}. Furthermore, multiple comparisons of all groups with respect to CRP values by ANOVA \[[Table 3b](#T4){ref-type="table"}\] illustrated statistical significance. Correlation coefficient between CRP and PD was 0.939, 0.957, 0.902 and with CAL 0.742, 0.945 and 0.920 in group I, II and III respectively, thus indicating a positive correlation \[[Table 4](#T5){ref-type="table"}\]. Again, they were significantly correlated, and all the parameters increased with increasing CRP levels, thus indicating a positive correlation.
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Discussion {#sec1-4}
==========

Main finding of the study was that CRP levels were higher in the periodontitis group as compared with NP group and highest in subjects with aggressive periodontitis demonstrating that periodontitis can have impact on systemic markers of inflammation in a relatively younger subject group. CRP levels correlated positively with the severity of inflammation as it is biologically plausible that inflammatory cytokines interleukin-6 (IL-6), IL-1, and tumor necrosis factor-alpha in response to periodontal infection present the capacity to stimulate hepatocyte to produce CRP. Circulating CRP levels are markers of systemic inflammation and are associated with periodontal disease.\[[@ref17]\] Also of significance are the results of prospective longitudinal trials which indicate that this marker appears to be a useful predictor for future cardiovascular events in a variety of population.\[[@ref18]\] All the subjects included in the study were systemically healthy, and all the other risk factors for periodontitis were excluded. The aggressive periodontitis subject group displays younger age range than that seen in studies of chronic periodontitis. Strength of the study was that the quantitative determination of CRP was done by double antibody sandwich ELISA method which is very sensitive method for detecting CRP as compared to other methods with a detection limit of 0.0005-0.005 mg/L.\[[@ref19]\] Another strength of the study was that the results of the present study indicate a significant correlation between attachment loss, probing depth and CRP, which is consistent with findings of Noack *et al*.\[[@ref20]\] as some studies did not find a correlation with severity of disease.\[[@ref21][@ref22][@ref23]\] In a study reported by Salzberg *et al*.\[[@ref11]\] patients with GAP had increased levels of CRP (3.72 mg/L) compared to control (1.54 mg/L). Sun *et al*.\[[@ref12]\] reported 1.87 and 0.52 mg/L in patients with GAP and control subjects, respectively. The mean CRP (mg/L) level for chronic periodontitis patients was 2.3 1 ± 0.56 mg/L and for aggressive periodontitis patients was 4.61 ± 0.58 mg/L, as compared to the NP group with 0.96 ± 0.13 mg/L. Comparison of three groups (CGP, GAP, and NP) with respect to CRP values by one-way ANOVA showed statistical significance (*P* \< 0.0001) as observed in [Table 3a](#T3){ref-type="table"}, which confirms the results of the previous studies\[[@ref11][@ref12][@ref13][@ref14]\] but the controversy regarding the mechanism of linkage between periodontitis and elevated CRP remains. Our findings were in contrast with findings of Kanaparthy *et al*.\[[@ref15]\] where mean levels of CRP were greater in chronic periodontitis subjects when compared to aggressive periodontitis, which could be attributed to long standing nature of the disease and its influence on systemic health. Moreover, there lies genetic susceptibility towards inflammatory hyperactivity, which is beyond the scope of this study.\[[@ref9]\] The correlation coefficient between CRP levels and PD as well as CAL in CGP was found to be positive and significant. With increasing mean PD and CAL, we could observe an increase in CRP levels. These findings are at par with those of a study done by Beck and Offenbacher.\[[@ref24]\] Thus, as the severity and extent of periodontal disease increase, the systemic component of inflammation also increases. This may be seen as increased production of CRP.\[[@ref14]\] One more strength of the study was complete periodontal examination had been performed to classify the patients into two groups of periodontitis which ensures that there were less chances of diagnosing false positive cases of periodontitis. None of the subjects in this study had CRP levels \>15 mg/L, indicating that it is relatively unlikely that the subjects were experiencing acute or chronic systemic diseases characterized by large increases in serum CRP. Similar results were found in another study, in which Lim *et al*. concluded that CRP was a significant predictor of sites with PD ≥5 mm and could be a potential risk marker in periodontal destruction.\[[@ref25]\] CRP tends to increase with age but the elevation of CRP in relatively younger subjects of the present study may correlate with periodontal destruction rather than with age.\[[@ref26]\] Thus, serum CRP levels can be a possible marker to depict active periodontal destruction and can differentiate progressive disease from a quiescent one. Recently, CRP has been proved to be the strongest and most significant predictor of future cardiovascular events.\[[@ref27][@ref28]\] The results of the present study suggest that elevated CRP levels in periodontitis patients can contribute at least in part to the increased risk for CVD. This may be of particular concern in younger individuals, as represented by GAP patients where elevated levels of CRP due to periodontitis may contribute to early or rapider CVD in susceptible individuals. This study shows an association between elevated serum CRP level, PD and CAL, but due to its cross-sectional nature, effect of each variable upon other can't be determined. For better understanding, the nature of association long-term longitudinal studies is needed. Limited sample size, the role of genetics, oral health behaviors, nutrition, stress levels, which have been shown to affect the prevalence of periodontitis, were not considered in our study. From our study, we can conclude that periodontitis is related with the severity of inflammation, so it is empirical to treat the periodontal inflammation but recommending periodontal therapy solely for the purpose of preventing CVD is not supported by current evidence of literature. Recommendations by American Heart Association states that patients should be educated about oral health as no one is systemically healthy without possessing good oral health.

Conclusion {#sec1-5}
==========

Thus, there is a complementary need to recognize that apparently healthy individuals may be having extensive periodontal disease, which might be adding to systemic inflammation. Hence, periodontal disease assessment and its treatment should be instituted in current health programs to improve the overall health status of an individual. It should be noted, however that an additional study in larger samples of patients might further investigate and confirm this idea.
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